The objective of this study was to compare pituitary responsiveness to gonadotropinreleasing hormone (GnRH) throughout the early postpartum period (PP) in beef cows suckling a single calf vs cows which had calves removed at birth. The experiment utilized 48 cows in a 2 x 4 factorial. Main effects studied were suckling status (suckled or nonsuckled) and days PP (d 3, 10, 20 or 30). Covariates studied were pre-treatment concentrations of progesterone (P), estradiol-173 (E), luteinizing hormone (LH) and follicle stimulating hormone (FSH). Suckled (S) cows nursed one calf, while nonsuckled (NS) cows had calves removed at birth. Treatment was a single im injection of 100 gtg GnRH dissolved in saline. Pre-GnRH plasma concentrations of E, P, LH and FSH and post-treatment plasma concentrations of LH and FSH were determined at 15 min intervals (-30 to 360 min) in blood samples collected via jugular cannulae. Post-treatment plasma concentrations of P were determined at 6 (n = 23) or 8 (n = 23) days after treatment to monitor ovarian response. Concentrations of E, LH and FSH before GnRH injection did not differ (P>.I) between S and NS cows at any PP stage and data were pooled for statistical analyses. Pre-treatment LH, but not FSH, increased (r = .43; P<.002) with days PP and concentrations of LH were greater (P<.05) at 30 d than at 3 d PP. Pre-treatment P was greater (P<.05) in NS than in S cows on d 30 PP and P was correlated (r = .51; P<.01) with days PP in NS cows. However, the frequency of cows exhibiting plasma P~I ng/ml prior to GnRH was low on all days studied and was similar for both groups. LH release after GnRH was correlated with increasing days PP in both S (r = .73; P<.O01) and NS (r = .61; P<.002) cows. Releasable FSH was not related to days PP in either group. Mean peak LH and total LH released were greater (P<.025 and P<.05, respe-ctively) in S than in NS cows at 30 d PP. Mean peak FSH and total FSH released were greater (P<.05 and P<.07, respectively) at 10 and 30 d PP in S cows than in NS cows. Pre-treatment E, but not P, LH or FSH was positively related (P<.01) to GnRH-mediated LH release in both groups. When pre-treatment E was partitioned into separate regressions for S (Es) and NS (ENS) cows, increased pituitary LH response in S cows on d 30 appeared to be due in part to a greater sensitivity of S cows to E modulation. We found no evidence to suggest that pituitary responsiveness per se is decreased in beef cows suckling a single calf.
Summary
The objective of this study was to compare pituitary responsiveness to gonadotropinreleasing hormone (GnRH) throughout the early postpartum period (PP) in beef cows suckling a single calf vs cows which had calves removed at birth. The experiment utilized 48 cows in a 2 x 4 factorial. Main effects studied were suckling status (suckled or nonsuckled) and days PP (d 3, 10, 20 or 30) . Covariates studied were pre-treatment concentrations of progesterone (P), estradiol-173 (E), luteinizing hormone (LH) and follicle stimulating hormone (FSH). Suckled (S) cows nursed one calf, while nonsuckled (NS) cows had calves removed at birth. Treatment was a single im injection of 100 gtg GnRH dissolved in saline. Pre-GnRH plasma concentrations of E, P, LH and FSH and post-treatment plasma concentrations of LH and FSH were determined at 15 min intervals (-30 to 360 min) in blood samples collected via jugular cannulae. Post-treatment plasma concentrations of P were determined at 6 (n = 23) or 8 (n = 23) days after treatment to monitor ovarian response. Concentrations of E, LH and FSH before GnRH injection did not differ (P>.I) between S and NS cows at any PP stage and data were pooled for statistical analyses. Pre-treatment LH, but not FSH, increased (r = .43; P<.002) with days PP and concentrations of LH were greater (P<.05) at 30 d than at 3 d PP. Pre-treatment P was greater (P<.05) in NS than in S cows on d 30 PP and P was correlated (r = .51; P<.01) with days PP in NS cows. However, the frequency of cows exhibiting plasma P~I ng/ml prior to GnRH was low on all days studied and was similar for both groups. LH release after GnRH was correlated with increasing days PP in both S (r = .73; P<.O01) and NS (r = .61; P<.002) cows. Releasable FSH was not related to days PP in either group. Mean peak LH and total LH released were greater (P<.025 and P<.05, respe-ctively) in S than in NS cows at 30 d PP. Mean peak FSH and total FSH released were greater (P<.05 and P<.07, respectively) at 10 and 30 d PP in S cows than in NS cows. Pre-treatment E, but not P, LH or FSH was positively related (P<.01) to GnRH-mediated LH release in both groups. When pre-treatment E was partitioned into separate regressions for S (Es) and NS (ENS) cows, increased pituitary LH response in S cows on d 30 appeared to be due in part to a greater sensitivity of S cows to E modulation. We found no evidence to suggest that pituitary responsiveness per se is decreased in beef cows suckling a single calf. (Key Words: Suckling, Beef Cows, Gonadotropin-Releasing-Hormone, Luteinizing Hormone, Follicle Stimulating Hormone.)
Introduction
Recent investigations in the postpartum (PP) suckled cow have attempted to provide a greater understanding of dynamic endocrine events related to the natural or induced resumption of cyclic pituitary-ovarian activity (Humphrey et al., 1976; Williams and Ray, 1980) . have shown that mean basal luteinizing hormone (LH) secretion is lowered by suckling in dairy cows because of 594 JOURNAL OF ANIMAL SCIENCE, Vol. ~54, No. 3, 1982 decreased frequency and amplitude of episodic LH peaks. However, suckling-induced hyperprolactinemia does not appear to constitute the neurohumoral mediator of this phenomenon in the cow (Williams and Ray, 1980; Forrest et al., 1980a) as suggested in other species (Ford and Melampy, 1973; Villalobos et al., 1976; Maneckjee et al., 1978) .
Whether suckling-mediated events decrease basal LH secretion by interacting at the hypothalamic level, pituitary level, or both has been of further interest. LH release by pituitary explants in response to gonadotropin-releasing hormone (GnRH) or K + on d 14 PP was lower in dairy cows subjected to an exaggerated suckling-milking regimen as compared to cows milked twice daily . In an in vivo study, Carter et al. (1980) found that beef cows suckling a calf released less LH in response to GnRH on d 5 PP as compared to nonsuckled (NS) cows. These data suggest that pituitary gonadotrophs of early PP suckled cows are either somewhat refractory to GnRH stimulation or contain a smaller readily releasable LH pool than NS cows. However, the extent to which decreased pituitary responsiveness per se is a measurable and important factor throughout an anovulatory period exceeding 30 d in beef cows suckling a single calf remains unclear.
Both GnRH (Lishman et al., 1979; Fonseca et al., 1980; Troxel et al., 1980) and estradiol (Short et al., 1979; Forrest et al., 1980b; Williams and Ray, 1980) successfully induced LH release in S cows between 17 and 60 d PP. The characteristics of these releases, although somewhat susceptible to modification by short-term calf removal (Forrest et al., 1980b; , appear to be similar to or exceed those obtained in ovariectomized heifers (Kaltenbach et al., 1974; Beck and Convey, 1977) and milked dairy cows at 2 wk PP Kesler et al., 1977) . This suggests that adequate amounts of releasable LH are available early in the PP period of S cows. Thus, normal synthesis and storage of pituitary LH, including releasable pools, may occur even if the hypothesis is correct that frequency and(or) amplitude of GnRH release in inadequate to sustain normal tonic LH secretion. Indeed, a study with the PP ewe, whose physiology is similar to the cow when the influence of photoperiod is eliminated, failed to demonstrate any effect of suckling on readily releasable pools of LH between 1 and 30 d PP (Moss et al., 1980) .
In view of the impact that suckling has on PP beef cow reproduction (Oxenreider, 1968; Wiltbank and Cook, 1958) , clarification is needed in this genetic base regarding the site(s) and mechanism(s) by which suckling exerts its effect. The purpose of our study was to determine the influence of a normal (single calf) suckling regimen on in vivo pituitary response to GnRH between 3 and 30 d PP in beef cows. The measurement of readily releasable pools of follicle-stimulating hormone (FSH) is considered to be of particular importance, since only one study (in vitro) using a homologous radioimmunoassay has been report~ed in PP cows .
Materials and Methods
Animals. Forty-eight pluriparous beef females in two trials (40 Hereford and eight Angus) were assigned randomly within breed to either a S or NS group and to one of four PP groups in a 2 x 4 factorial design. Main effects studied were suckling status and days PP (d 3, 10, 20 or 30) .
All cows were maintained together in an open lot with free access to shelter prior to calving. Cows were fed ad libitum with a mixture of grass and alfalfa hay to approximate third trimester requirements as indicated by the NRC. Twenty-four cows participated in each trial conducted during the spring calving seasons of two consecutive years. Cows were monitored on a 24-h basis throughout both calving periods and females assigned to the NS groups had calves removed immediately after completion of the birth process. Calves born to dams assigned to the S group remained with their mothers throughout the experiment.
NS and S groups were maintained in adjacent lots after calving. The NS groups received grass hay and trace minerals ad libitum to meet NRC maintenance requirements and the S group were fed alfalfa hay ad libitum for maintenance and lactation. Body condition, determined by subjective visual appraisal, did not differ between groups throughout the experiment.
Treatment and Sampling. An indwelling cannula was inserted into one jugular vein at least 24 h prior to experimentation. Animals were tied loosely in a free-standing position at the start of the experiment when samples were obtained via cannulae at 15-min intervals during a 30-min control period. Each cow received an im injection of 100/lg GnRH (Abbott Laboratories, Chicago, IL)immediately following the third control sample. Blood samples were then withdrawn every 15 min for 6 h. Blood was immediately placed on ice and within 6 h transported to the laboratory where plasma was harvested and frozen in aliquots at-20 C until hormone analyses. Six or 8 d post-treatment a blood sample was obtained from each cow via tail vessel to determine ovarian response. Luteal tissue formation was considered to have occurred if concentrations of P in plasma were ;~.5 ng/ml. Under our assay conditions, PP cows without luteal tissue consistently exhibit plasma P ~.i ng/ml (Williams and Ray, 1980) . Hormone Analyses. Pre-treatment plasma concentrations of estradiol-1713 (E) and progesterone (P) were determined in all control samples by previously reported radioimmunoassays (Williams and Ray, 1980) . Ovarian response to GnRH was judged by serum P in blood samples collected 6 or 8 d post-treatment. All samples except the latter were assayed for LH and FSH content. LH was assayed as previously reported (Williams and Ray, 1980) . The homologous radioimmunoassay system of Cheng (1978) was utilized to measure concentrations of FSH.
However, for our assay, highly purified bFSH (FSH-HS-2) was radioiodinated (t2sI) by modification of the cloramine-T method (Niswender et al., 1969) as used to iodinate bLH in our laboratory. After a 30-sec iodination the reaction mixture was chromatographed on a BioGel P-100 column (Bio Rad Laboratories, Richmond, CA) equilibrated with .05 M phosphate buffer. Anti-FSH-B2, raised in rabbits, was used at a dilution of 1:60,000 to provide 30 to 35% total binding. The reference standard was NIH-FSH-B1. Anti-rabbit gamma globulin was used to precipitate the bound fraction. Total volume for unknown samples and standards was 200 /al. Dilutions of bovine plasma containing low, medium and high concentrations of FSH yielded inhibition curves parallel to the standard curve. Regression and correlation coefficients for recovery of NIH-FSH-B1 added to cow plasma were 1.01 -+ .4 and .97, respectively. Sensitivity of the assay was 2 ng/ tube, with inter-and intra-assay coefficients of variation averaging 13 and 4.1%, respectively. Cross-reactivity of the FSH antisera was tested in our laboratory and found not to be different from that reported by Cheng (1978) .
~dtatistical Analyses. Pre-treatment plasma concentrations of E, P, LH, and FSH and post- treatment plasma concentrations of P were analyzed as a 2 x 4 factorial without interaction. For post-treatment plasma concentrations of LH and FSH, several models were examined to determine important covariates and to check for interactions. Year effects were not considered. After scrutiny, focus was placed upon three analyses. One was a split-plot design (Gill and Hafs, 1971) . The techniques for studying the uniformity of correlations among repeated measurements detailed in Gill and Hafs (1971) were not used. In order for those techniques to be used, the number of repeated measurements must be equal to or less than one less than the number of animals/treatment. Snedecor and Cochran (1980) .
Results
Pre-GnRH plasma concentrations of LH, FSH, E and P, and concentrations of P 6 (n = 23) or 8 (n = 23) d post-treatment are shown in table 1. One S and one NS cow at 30 d PP were eliminated from the analyses because of an apparent endogenous release of gonadotropins just prior to GnRH. The latter conclusion was based on the fact that concentrations of LH and FSH during the pretreatment period were in a declining mode, with initial values in both cows exceeding 10 ng/ml and 150 ng/ml for LH and FSH, respectively.
Concentrations of LH, FSH and E did not differ (P>.l) between S and NS cows prior to treatment at any PP stage. Therefore, these data were pooled for further analyses. Pretreatment LH, but not FSH or E, was correlated with days PP (r = .43; P<.003), but the regression slope was low (b = .01). Concentrations of LH were greater (P<.05) at 30 d PP than at 3 d.
Only one cow exhibited evidence of luteal tissue prior to GnRH between d 3 and 10 PP. By d 20, frequency of animals with apparent corpora lutea (CL) increased. Mean pre-treatment concentrations of plasma P were higher (P<.05) in NS than S cows on d 30 PP and were correlated (r = .51; P<.01) with days PP in NS cows. However, the frequency of cows exhibiting plasma P ~ 1 ng/ml prior to GnRH was low on all days studied and was similar for both groups.
GnRH-induced release of LH and FSI-I is depicted in figures 1 to 4. Because results from split-plot analyses of variance of mean concentrations over time yielded interpretations similar to those obtained by single-plot analyses of areas under the curves (total LH released), the results from the former analyses are not presented.
Main effects of suckling status and days PP in conjunction with pre-treatment E were associated (P<.05 to P<.O01) with LH release and maximized the coefficient of determination (R 2 = .55; P<.001) for the regression model (table 2) . LH release was not affected (P>.l) by pre-treatment concentrations of P, LH and FSH, nor were interactions among these variables significant. Mean peak LH (P<.025) and total LH released (P<.05) were greater at 30 d PP in S cows than NS cows . . and NS (r = .61; P<.002) cows. However, mean peak-LH and total LH released reached a plateau at 10 d PP in NS cows, whereas these same characteristics in S cows did not reach a plateau until d 20 to 30.
Minutes Relative to GnRH
Suckling status affected (P<.01) FSH release (table 2), but days PP and pre-treatment E did not (P>.I). The resultant model from our analyses (R 2 = .25; P<.03) suggested that a large proportion of the variation in FSH release remained unaccounted. A within PP stage analysis revealed that S cows released 52 and 42% more FSH than NS cows on d 10 (P<.05) and 30 (P<.07), respectively.
In our initial analyses we assumed that pretreatment hormone concentrations affected both S and NS cows equally. Further analyses proved that this was true for all variables except E. Analyses of LH and FSH responses utilizing pre-treatment E in S (E s) and NS (ENs) cows as independent regression variables resulted in a differential partitioning of variance and an improvement in R 2 (table 3). Although mean concentrations of E did not differ between S and NS cows on any day studied, variation in LH release on d 30 PP appeared to be related in part to an enhanced ability of pretreatment E S to modulate pituitary LH response. The regression slopes of E s and ENS for d 30 were both significant (P<.0025 and P<.0001, respectively) and accounted for a large proportion of the variation previously attributed to suckling status per se. Partitioning of variance into ES and ENS components for analyses of FSH release improved R 2 and revealed that most of the significant variation resided within these components (table 3) . Variation within each of these components was similar. Probability previously associated with suckling status was reduced from P<.O1 (table 2) on d 20 than on d 3 and higher (P<.05) on d 30 than on d 3 and 10. However, mean P was not different (P>.I) between S and NS cows. Between d 10 and 30 PP, evidence for two spontaneous (prior to GnRH) and six induced occurrences of luteal tissue formation was observed in S cows, for a total of 8/17. Evidence for eight spontaneous and six induced occurrences of luteal tissue formation was observed in NS cows, totaling 14/17. This difference was significant (P<.I).
Discussion
The presence of the engorged mammary gland at parturition, as well as the suckling stimulus, directly suppresses pituitary-ovarian function in cows (Short et al., 1972) . This delay can be diminished or extended by varying the intensity of the suckling or milking stimulus (Wiltbank and Cook, 1958; Wettemann et al., 1978; or by manipulating pre-and post-calving dietary energy intake (Wiltbank et al., 1964; Dunn et al., 1969) .
In the current study we have examined the ability of the pituitary of S and NS cows to respond to GnRH between 3 and 30 d PP. The cows used were of breeds (Hereford and Angus) whose PP reproduction is negatively affected by suckling a single calf (Short et al., 1972) . We have attempted to eliminate dietary energy requirements and weight change as factors by design.
Pituitary LH response increased with days PP in NS cows and peaked at 10 d PP, similar to that observed in milked ~lairy cows (Kesler et al., 1977; Fernandes et al., 1978) and coincident with the approximate time when the establishment of ovarian cycles in NS cows had begun to occur. LH release also increased with time after calving in S cows. However, pituitary LH release did not reach a plateau until d 20 to 30 PP, the time when S cows began to exhibit evidence of CL. These results are similar to those observed in the PP ewe (Moss et al., 1980) in which both S and NS ewes exhibited maximal LH response at a time when serum P indicated that ovarian cycles had resumed. In that study increases in total pituitary content of LH appeared to parallel the ability of cells to release LH and a constant proportion of total cellular LH was released in response to GnRH throughout the PP period. Comparing earlier research with cows (Saiduddin et al., 1968) with that previously cited, it would appear that this same relationship may hold in cattle.
Releasable FSH was not affected by days PP. Thus, it appears that a differential control system is operating with regard to releasable pools of LH and FSH in gonadotrophs of PP cows. It has been previously observed that total pituitary cellular content of FSH may increase slightly during the early PP period of ewes (Moss et al., 1980) , but it has been shown to decline somewhat in PP cows (Saiduddin et al., 1968) ;
Increases in basal (pre-treatment) secretion of LH between 3 and 30 d PP were found in this study. Kesler et al. (1980) reported that basal LH concentrations were positively correlated with days PP in S cows, but PP increases were not significant. No differences were found .25
in basal concentrations of LH or FSH between S and NS cows in our experiment as demonstrated to occur for LH in dairy cows by . This discrepancy may have been due to the short duration (30 min) of our control period prior to GnRH. Peak and total LH released after GnRH was essentially identical for S and NS cows before the resumption of ovarian cycles (d 3 and 10).
Results were also similar on d 20 PP after ovarian cycles had begun in some cows. However, by d 30 PP, S cows released greater amounts of LH. In an in vitro study, examined pituitary hormone con- (Adams and Nett, 1979) . Carter et al. (1980) , in an in vivo experiment with fewer animals, reported that S cows released less total LH on d 5 PP than NS cows, although peak LH release did not differ. We can only speculate at this time that the degree of suckling or milking stimulus imposed, genetic line of cattle or number of cattle used has led to the discrepancies observed between the current and foregoing studies. In agreement with current results obtained in cows, Moss et al. (1980) failed to demonstrate a suckling-induced suppression of pituitary responsiveness in ewes. Ovarian steroids have a profound effect on anterior pituitary sensitivity to GnRH. Increased pre-treatment concentrations of E in cows enhance pituitary LH release after GnRH (Zolman et al., 1974; Beck and Convey, 1977; Kesler et al., 1977; Fernandes et al., 1978) . A similar relationship was observed in our study. However, variation in LH release due to pre o treatment E appeared to be greater in S than in NS cows during some periods, suggesting that the pituitaries of S cows were more sensitive to estradiol modulation. This interpretation is based on the premise that partitioning of covariance into E s and ENS categories markedly reduced the variation due to suckling status per se. This occurred in the face of evidence that mean concentrations of E were not different between the two groups.
Pre-treatment P increased in NS cows during the PP period, coincident with greater releases of LH and FSH after GnRH and similar to that observed in ewes (Moss et al., 1980) . However, gonadotropin responses were not statistically dependent on pre-treatment P in either group and the frequency of systemic P > 1 ng/ml was low for both S and NS cows during all periods. Zolman et al. (1974) found no relationship between pre-treatment P and GnRH-mediated LH release during the bovine estrous cycle. Bolt et al. (1980) demonstrated that a potent progestin implant blocks E-induced LH release, but has no effect on pituitary response to GnRH in ovariectomized heifers.
The total number of spontaneous and induced occurrences of luteal tissue formation in this study was greater in NS cows than in S cows. However, we found no evidence that suckling a single calf effectively reduces pituitary responsiveness to GnRH. Therefore, this endocrine characteristic probably does not in itself play a role in PP anovulation of beef cows. Our results suggest that the pituitary of S beef cows is capable of producing normally increasing gonadotropin stores during the early PP period, although normal endogenous release patterns are suppressed . Thus, pituitary gonadotropin stores in noncycling S cows may continue to build as the PP period progresses, with larger amounts of LH and FSH secreted when an exogenous stimulus is applied, as observed in our study. Alternatively, S cows may exhibit an enhanced sensitivity to E as the time of first ovulation approaches, resulting in a potentiated GnRHmediated gonadotropin response. However, our analyses indicated this to be true only for LH.
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